ABSTRACT
INTRODUCTION
The chemistry of N-halo compounds forms a separate branch which is of great synthetic importance [1] [2] [3] [4] . In the recent development, N-halo compounds, the sources of positive halogens, have been extensively employed as oxidizing agents for a variety of organic substrates [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The nature of the oxidizing species and mechanism of the reactions depends on the nature of halogen atom, groups attached to the nitrogen atom and the reaction conditions.
The kinetics of oxidation of benzyl alcohols with a variety of metal oxidants such as Potassium dichromate [15&16], Quinolinium dichromate [17] , Cetyl trimethyl ammonium dichromate [18] , Quinolinium fluoro chromate [19] , Quinolinium chloro chromate [20] , Benzyl triethylammonium chlorochromate [21] , Quinoxalinium bromochromate [22] , Benzimidazolium fluorochromate [23] , Pyridinium bromochromate [24] and Tetrabutyl ammonium tribromide [25] has been studied earlier. A few N-halo oxidants such as N-bromosuccinimide [26&27] , N-chlorosaccharin [28&29] , N-bromoacetamide [30] , Chloramine-T [31] , Bromamine-T [32] , 1-Chlorobenzotriazole [33] , N-Bromophthalimide [34] and 1-Bromobenzimidazole [35] have also been used for the oxidation of benzyl alcohols.
The authors have demonstrated the oxidative capacity of 1-Chlorobenzimidazole (CBI) for a good number of common reductants [36] and also utilized it for the oxidation of benzaldehydes [37] , furfural [38] and cyclanols [39] . An extensive literature survey reveals that no systematic kinetic work hitherto has been done on the oxidation of benzyl alcohols using CBI. In the present investigation, the reaction kinetics and mechanism of oxidation of benzyl alcohol and their substituents with CBI have been studied in aqueous acetic acid medium.
MATERIALS AND METHODS

MATERIALS:
1-Chlorobenzimidazole (CBI) was prepared and purified by literature method [40] . Acetic acid was purified by standard method and the fraction distilling at 118 0 C was collected. Benzyl alcohol and substituted benzyl alcohols were the purest samples available from M/s Fluka Chemical Industries, Switzerland and were used as such. Benzimidazole (BDH, AnalaR) was used as such without purification. Analytically pure compounds such as sodium perchlorate (Germany), sodium chloride, perchloric acid (BDH, AnalaR), acrylonitrile and nickel chloride were used. Perchloric acid was standardized using standard sodium hydroxide solution.
KINETIC METHOD:
All the standard flasks and the reaction bottles were made up of pyrex glass with ground joint stoppers. The volumetric apparatus, pipettes, burettes and standard flasks were standardized by usual methods. An electrically operated thermostat with a jumo contact thermometer (West Germany) working in conjunction with an electronic relay which maintained temperature accurately with fluctuations not more than 0.1ºC was used. The bath liquid was water and it was covered with a layer of thermocole bits to minimize heat and water loss due to radiation.
Preparation of standard solutions:
The standard solution of CBI was prepared by dissolving the required quantity of it in glacial acetic acid and standardized by titrating against sodium thiosulphate solution iodometrically. This standard solution of CBI was found to be invariant in its strength over a period of three months. The solutions of benzyl alcohol and substituted benzyl alcohols were prepared by dissolving the required quantity of these in 80% acetic acid and 20% water mixture (v/v).
Kinetic Measurements:
All the kinetic reactions were carried out under pseudo-first order conditions, keeping [alcohol] >> [CBI] in solvent system 80% (v/v) acetic acid-water medium at 308K and the courses the reactions were followed potentiometrically [37] .
In a typical experiment, the required quantities of the alcohol solutions, perchloric acid, acetic acid-water mixture and sodium chloride solution were pipetted out in a double walled beaker provided with an inlet and outlet for circulating water from the thermostat set at the desired temperature and the solution were kept in the beaker for nearly half an hour to attain the desired temperature. The reaction was started by pipetting out the required quantity of CBI solution which had also been thermostated for nearly half an hour. The total volume of the reaction mixture was always 25 ml. A stop-watch was started when half the amount of oxidant was added.
The reaction was followed by setting up a cell
made up of the reaction mixture into which the platinum electrode and saturated calomel electrode(SCE) were dipped. The emf of the cell was measured periodically using Equip-Tronics Digital potentiometer while the reaction mixture was continuously stirred using a magnetic stirrer. The pseudo-first order rate constant, k 1 , was computed from the linear (r>0.999) plots of log (E t -E ∞ ) Vs time.
Where, E t -potential at time't' and E ∞ -potential at infinity.
When the kinetic run was also done by iodometry, the same results were obtained within  2%. Preliminary experiments showed that the rate of oxidation is not sensitive to change in ionic strength and hence no attempt was made to keep it constant.
Product analysis and stoichiometry:
Different ratio of Benzyl alcohol and CBI were mixed together with HClO 4 (1M) in 80% acetic acid (total volume 100 ml). The reaction mixture was kept aside for 48 hours to ensure the completion of the reaction. The solution was extracted with chloroform and the organic layer was washed with water, dried over anhydrous sodium sulphate. Benzaldeyde was formed as the main product which was identified by the formation of 2,4-dinitrophenylhydrazone derivative (m.p 234-236ºC, lit:237 ºC) . The estimation of unreacted oxidant indicated that one mole of the oxidant was consumed by one mole of the alcohol. Further the product benzaldehyde has also been confirmed by its IR and NMR Spectral data.
R-C 6 H 4 -CH 2 OH + CBI R-C 6 H 4 -CHO + BI + HCl -----(i)
RESULTS AND DISCUSSION
Oxidation of benzyl alcohol and a few substituted benzyl alcohols by 1-chlorobenzimidazole has been carried out in 80% (v/v) acetic acid -water medium in the presence of perchloric acid and sodium chloride at 308K. In all the cases the corresponding aldehydes are the major products. The rates of the reactions were measured by following the disappearance of [CBI] potentiometrically. The reactions were followed under pseudo first order conditions where the concentrations of the substrates were in large excess compared to that of [CBI] .
The oxidation kinetics of benzyl alcohols by CBI has the following salient features. (Table. 1 & Fig.1) (ii). The order of the reaction with respect to [substrate] is unity, k obs is directly proportional to [benzyl alcohol] as evident from the constant values of k 2 . Plot of log k obs Vs log [benzyl alcohol] is also linear with a slope of unity (Table 1) .
(iii). Added perchloric acid increases the rate of the reaction. (Table. ] indicating the participation of water molecule in the rate determining step [28] . This is further confirmed by Bunnett -Olsen's linear free energy relationship [41] by the plot of (5+ log k obs + H o ) Vs (3+ log C H + + H o ). The slope value (ɸ) of the above plot was found to be 1.30 (Fig.2) .
(iv). The rate of oxidation increases with decreasing dielectric constant of the medium (Table. 1). A plot of log k 2 Vs 1/D is linear with a positive slope. This is indicative of the fact that the reaction is of an ion-dipole type [42] .
(v). Increase in concentration of chloride ions increases the rate of the reaction (Table  1) .
A plot of log k obs Vs log [Cl - ] is linear with a slope of 0.78 (r = 0.995) shows that this reaction is fractional order dependence with respect to [Cl - ]. (vi). Initial addition of one of the products, viz. benzimidazole, to the reaction mixture does not affect the rate. (vii).The reaction rate is not altered significantly with the addition of nickel chloride, a typical chlorine scavenger.
(viii). Polymerization is not observed when acrylonitrite is added to the reaction mixture.
(ix). Oxidation of substituted benzyl alcohols by CBI has been investigated under comparable conditions. All the substrates follow the same kinetic behaviour as for the parent substrate. Electron donating groups increased the rate while electron withdrawing groups decreased the rate of oxidation (Table. 2).
The order of reactivity of substituted benzyl alcohols with CBI is p-OCH 3 > p-CH 3 > m-OCH 3 > H > p-Br > p-Cl > m-CH 3 > m-NO 2 > m-Cl > mBr > p-NO 2 (x). Activation and thermodynamic parameters have been calculated for benzyl alcohol and substituted benzyl alcohols (Table. 3). The reaction rates are governed by the changes in both the enthalpy and entropy of activation. This is further supported by the lower values of Ea. The negative values of ∆S # imply the formation of an ionic transition state with an extensive charge separation with a high degree of solvation. Further, the constancy of ∆G # values also confirms the unified mechanism for the oxidation reactions of all the substituted compounds of benzyl alcohol.
(xi). Exner plot is found to be linear with the slope value of 1.08 (r = 0.985). The linearity of Exner plot is suggestive of unified mechanism for the CBI oxidation of benzyl alcohol and substituted benzyl alcohols (Fig.3) . From the slope of the Exner plot the isokinetic temperature (β) is as 201.71K. Since it is below the experimental temperature range (298-328K), the observed effect of substituents' is real. The value of the slope 'b' of the Exner plot indicates nature of the reaction and selectivity (Table. 4 ). Since the slope 'b' is greater than one and 201.71 is less than T 1 (298K) the experimental data fit the type (3b) of Table. 4. These results indicate an increasing selectivity with an increase in temperature and the reaction series is characterized by compensation effect between ∆H # and ∆S # .
MECHANISM AND RATE LAW 4.1. Scheme 1:
CBI like other N-halo compounds may exist in various forms in acid medium as free CBI, CBIH + , H 2 O + Cl, HOCl and Cl 2 etc. Molecular chlorine may not be the oxidizing species since the rate is not influenced by the initially added nickel chloride which is a well known chlorine scavenger. The H + ion dependence on the rate of oxidation of benzyl alcohols cannot be rationalized if free CBI is considered to be active species. The observation that the reaction rate is not influenced by the added benzimidazole eliminates the possibility of HOCl or H 2 O + Cl being the reactive species [43&44]. Hence the most probable oxidizing species is the protonated oxidant, CBIH + which is revealed by H + ion dependence on the reaction rate. The protonation of N-halo compounds as a pre-equilibrium step has already been proposed in the oxidation of benzyl alcohols by CBT [33] and BBI [35] , aliphatic primary alcohols by NCN [45] and BBI [46] , cyclanols by CBI [39] and BBI [47] and α-hydroxy acids by CBT [48] .
The increase in reaction rate with the decrease in dielectric constant of the medium suggests that the interaction to be of positive ion -dipole type. The negligible electrolytic effect observed for the reaction substantiates the reaction between an ionic species and a neutral molecule in step 2. Further the participation of water molecule in the rate determining step is confirmed by Bunnet -Olsen plot giving a slope value ɸ= 1.30 which is in good agreement with the slope value ɸ = 1.40 for the oxidation of benzyl alcohols by CBT [33] . This clearly indicates that a proton transfer by water molecule occurs in the rate determining step leading to the formation of benzyl hypochlorite intermediate [49] . Hypohalites are known to decompose to carbonyl products [50&51] . Therefore the following scheme has been proposed for the oxidation of benzyl alcohol by CBI.
(Scheme 1)
Applying equilibrium conditions for the formation of the oxidant species CBIH + , one can write the equilibrium constant specifically for the formation of CBIH + as 
Scheme 2 (Mechanism in presence of Cl -ions):
The oxidant species in the presence of added chloride ions can be expected to be different from those oxidizing species already mentioned on account of the pronounced acceleration in the reaction rates observed in the presence of Cl -ions. It has been well documented that chloride ions interact with N-chloro compounds and release molecular chlorine [45&52] or species derived therefrom [48&53]. Since the experimental observations clearly indicate the absence of any Cl 2 formation, it is inferred that the more likely oxidant in the presence of Cl -ions would be coordinated species of the type (I) [48&53].
(Type -I)
The influence of added Cl -ions on the rate and mechanism can also be accounted for by a small modification of the scheme 1. It is assumed in scheme 1 that the reactive species is essentially CBIH + and that CBI is relatively unimportant. However [CBI] may not be quite negligible at low acid concentrations employed in the experiments and so the reverse hydrolysis of CBIH + has to be taken into account. Also in presence of added Cl -ions a coordinated complex of the type (I) would be envisaged. The true formation constant K for such a complex can be calculated as follows.
where BA = benzyl alcohol fast (Scheme 2) (Fig. 4 and 5 ) in the case of benzyl alcohol. From the slopes and intercepts of these plots, the hydrolytic constant (K h ) and the true formation constant (K) of the oxidizing species are calculated to be 1.63 and 711 respectively.
The It was estimated from the Hammett plot (Fig.6 ) that the ρ value of the reaction -0. 37 (r = 0.986). The negative ρ value indicates the development of electron deficiency centre suggesting a considerable carbonyl character of the transition state. It is evident from the experimental data that the electron donating groups accelerate the rate while electron withdrawing groups retard the rate. The negative ρ value is similar to the ρ value obtained for the oxidation of aromatic alcohols by NBA [30] and BBI [35] . This again confirms the electron deficiency in the transition state of the reaction and supports the above mechanism.
CONCLUSION
The kinetics of oxidation of benzyl alcohol and a few substituted benzyl alcohols with 1-chlorobenzimidazole in aqueous acetic acid medium clearly shows that the order of the reaction with respect to [CBI] 
